However, while the acceptor stem in isolation (as the minihelix) lacked determinants for editing, AlaRS effectively cleared a mischarged amino acid from each chimeric tRNA.
INTRODUCTION

RESULTS
Strategy for identifying role of tRNA structure in editing response-The tRNA sequence is typically composed of 76 nucleotides arranged in a cloverleaf secondary structure with four stems and three loops. The loops with their associated hydrogen-bonded stems are designated as the dihydrouridine (D)-, anticodon-, and TψC-stem-loop (Fig. 1B) .
Aminoacylation occurs at the 3'-end of the acceptor stem that terminates in the universal sequence NCCA 76 , where N73 is the "discriminator base" that can be any of the four In our experiments, we first sought to determine whether determinants for aminoacylation could be separated from those for editing. For this purpose we investigated minihelix substrates because they are missing about half of the tRNA structure. The idea was to test whether the second domain of the tRNA structure, while not required for aminoacylation, was needed for editing. If it turned out that the anticodon-containing domain was important for editing, the question then was whether specific determinants for editing could be identified in that domain. (Fig 2A) .
Minihelix
The experiments in Fig. 2A , none of the chimeric molecules could be mischarged with glycine, even using stoichiometric amounts of AlaRS ( Figure 5a ). These results imply that all of the chimeric tRNAs are substrates for editing by AlaRS.
To test directly the editing response with the chimeric structures, the editingdefective C666A/Q584H AlaRS was used to prepare the misacylated species. Strikingly, each tRNA was deacylated by AlaRS ( Fig. 5B ). Using catalytic amounts of enzyme, the rates of deacylation were not significantly different (within ~ 15%) than that achieved with mischarged tRNA Ala as substrate. Because of the collective differences between the three chimeric tRNAs and tRNA Ala , and considering especially the differences introduced with the tRNA Ala/Ser chimera, the results support the idea that tRNA structure per se and not sequence is essential for RNA-dependent editing by AlaRS.
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DISCUSSION
Aminoacyl tRNA synthetases are divided into two classes of ten enzymes each.
The two classes are defined by the active site structures shared by members of the same class (42-45). These classes appear to have independent origins and are thought to reflect, at least in part, an early system of pairing synthetases of opposite classes on the same tRNA acceptor stem (46). AlaRS is a class II enzyme, defined by a catalytic domain for aminoacylation having a seven-stranded β-structure with flanking α-helices (44, 45, 47).
Joined to the C-terminal side of this structure is a domain that contains the active site for editing ( Like the class II AlaRS, the class I isoleucyl-tRNA synthetase also needs the entire tRNA structure to activate the editing reaction, with minihelix substrates failing to support editing (66). Many chimeric tRNAs (composed of pieces of tRNA Ile and tRNA Val ) were shown to be active for aminoacylation but not for editing (67). After construction of a series of chimeric molecules and of site-specific mutations, three nucleotides in the D-loop were identified as essential for editing (21, 67). Indeed, the editing response could be switched off and on by manipulation of these specific nucleotides located at the corner of the L-shaped structure. These particular nucleotides are important specifically for translocation of a misactivated amino acid from the catalytic site for adenylate synthesis to the center for editing (21). In contrast, for the alanine system studied here, all chimeric molecules were active in editing, even though they collectively changed nearly every nucleotide in the second domain of the tRNA structure, including those in the D-loop. Particularly striking was the success of the chimera with bovine mitochondrial tRNA Ser that lacked several nucleotides compared to those seen in most canonical tRNAs. Thus, at least for this class II system, the L-shaped structure per se appears to be the critical factor sensed by the enzyme.
Previous work showed that, under specific conditions, disruption of the editing function of AlaRS is cytotoxic (19). Thus, strong selective pressure assures retention of the editing activity. Several lines of evidence suggest that the two domains of tRNA had separate origins and were brought together into a two-domain tRNA to make possible the modern genetic code (36, [68] [69] [70] [71] [72] [73] . Results with the class I isoleucyl-tRNA synthetase and class II alanyl-tRNA synthetase showed that, for both systems, a full tRNA structure is required to trigger the editing response. This requirement is one of several pressures for retaining the two domains of tRNA and the L-shape. Significantly, unlike isoleucyltRNA synthetase where the anticodon is a major determinant for aminoacylation (74, 75) , alanyl-tRNA synthetase makes no contact with the anticodon and has its major determinants for aminoacylation in the minihelix domain. Thus, even when the anticodon-containing domain has a minor role in determining aminoacylation efficiency, the editing function exerts strong pressure to bring together the anticodon-containing domain with the minihelix to create the L-shaped structure. 
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